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SUBSTRATE PROCESSING APPARATUS, 
SUBSTRATE PROCESSING METHOD, AND 

STORAGE MEDIUM STORING PROGRAM FOR 
IMPLEMENTING THE METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate pro 
cessing apparatus, a substrate processing method, and a 
storage medium storing a program for implementing the 
method, and in particular relates to a substrate processing 
apparatus having a component element having p-type silicon 
as a parent material thereof disposed in a processing cham 
ber in Which a plasma is produced. 

[0003] 2. Description of the Related Art 

[0004] Generally, a substrate processing apparatus that 
carries out predetermined plasma processing on substrates 
such as semiconductor device Wafers has a processing 
chamber (hereinafter referred to as the “chamber”) in Which 
a substrate is housed and subjected to the predetermined 
plasma processing. In such a substrate processing apparatus, 
a processing gas is introduced into the chamber, and a 
high-frequency electric ?eld is generated in the chamber, 
Whereby the processing gas is made into a plasma and hence 
ions and radicals are produced, the substrate being subjected 
to the plasma processing by the ions and radicals. 

[0005] Moreover, a focus ring made of silicon is disposed 
surrounding the substrate in the chamber. The focus ring 
focuses the produced ions and radicals toWard a surface of 
the substrate, thus improving the ef?ciency of the plasma 
processing (see, for example, Japanese Laid-open Patent 
Publication (Kokai) No. 2000-82699). The focus ring is 
repeatedly exposed to a high-temperature plasma atmo 
sphere in the chamber during plasma processing of a large 
number of (i.e. a plurality of lots of) substrates. 

[0006] In recent years, Wafers having p-type silicon as a 
parent material thereof have come to be Widely used as 
semiconductor device Wafers, and hence p-type silicon is 
generally used as a focus ring material. P-type silicon is 
electrically conductive due to positive holes due to boron 
(B), Which is a group 13 element, added to the silicon, Which 
is a semiconductor When pure. HoWever, if a focus ring 
having p-type silicon as a parent material thereof is repeat 
edly exposed to a plasma atmosphere, then oxygen atoms 
that get into the p-type silicon as an impurity upon heating 
bond to the silicon atoms, Whereby a silicon oxide (SiO4) is 
formed in the p-type silicon. This SiO4 supplies free elec 
trons into the p-type silicon, and the positive holes electri 
cally constrain the supplied free electrons. During repeated 
exposure of the focus ring to the plasma atmosphere, SiO4 
continues to be formed, and hence free electrons continue to 
be supplied. Eventually, the number of free electrons sup 
plied exceeds the number of positive holes, and hence the 
focus ring comes to be apparently made of n-type silicon 
(p-n inversion). 
[0007] If the focus ring undergoes such p-n inversion 
during plasma processing on a plurality of lots of substrates, 
then the speci?c resistance value of the focus ring becomes 
unstable, changing as the plasma processing is repeated. 
Speci?cally, the focus ring is initially electrically conductive 
(i.e. has a loW speci?c resistance value) due to the number 
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of positive holes exceeding the number of free electrons, but 
during the repeated plasma processing, the speci?c resis 
tance value increases as electrical constraint of free electrons 
by positive holes proceeds, and then eventually the number 
of free electrons becomes greater than the number of posi 
tive holes, Whereupon the speci?c resistance value once 
again decreases. 

[0008] There is a problem that if the speci?c resistance 
value of the focus ring changes during plasma processing on 
a plurality of lots of substrates as described above, then the 
distribution of the high-frequency electric ?eld around the 
substrate changes, and hence stable plasma processing can 
not be carried out on the plurality of lots of substrates. In 
particular, in recent years, the dimension to Which Wiring 
and electrodes in semiconductor devices manufactured from 
substrates are required to be fabricated has become smaller, 
and hence the plasma atmosphere in the chamber, and thus 
the high-frequency electric ?eld, is noW required to be even 
more stable than in the past, resulting in the above problem 
becoming more prominent. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
substrate processing apparatus, a substrate processing 
method, and a storage medium storing a program for imple 
menting the method that enable a plurality of substrates to be 
subjected to stable plasma processing. 

[0010] To attain the above object, in a ?rst aspect of the 
present invention, there is provided a substrate processing 
apparatus comprising a processing chamber in Which a 
substrate is housed and subjected to plasma processing, and 
a component element having p-type silicon as a parent 
material thereof, at least part of the component element 
being exposed to an interior of the processing chamber, 
Wherein the component element has been subjected to heat 
treatment at least once. 

[0011] According to the construction of the ?rst aspect as 
described above, the component element that has p-type 
silicon as a parent material thereof and has at least part 
thereof exposed to the interior of the processing chamber in 
Which a substrate is subjected to plasma processing is 
subjected to heat treatment at least once. Upon the p-type 
silicon being subjected to the heat treatment, formation of a 
silicon oxide from oxygen atoms present as an impurity and 
silicon atoms is promoted, Whereby free electrons are sup 
plied into the p-type silicon, and hence the number of free 
electrons becomes greater than the number of positive holes 
in the component element, and thus the p-type silicon is 
inverted into apparently n-type silicon; after that, the for 
mation of silicon oxide levels off, and hence the supply of 
free electrons into the p-type silicon stops. As a result, 
during subsequent repeated plasma processing, the speci?c 
resistance value of the component element does not change. 
A plurality of substrates can thus be subjected to stable 
plasma processing. 

[0012] Preferably, the component element has regions 
therein Where a density of interstitial oxygen atoms is loWer 
than an overall density of oxygen atoms in a silicon crystal 
lattice. 

[0013] According to the construction of the ?rst aspect as 
described above, the component element has regions therein 
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Where the density of interstitial oxygen atoms is lower than 
the overall density of oxygen atoms in the silicon crystal 
lattice. Such a case that the density of interstitial oxygen 
atoms in speci?c regions of the silicon crystal lattice is loWer 
than the overall density of oxygen atoms corresponds to 
some of the interstitial oxygen atoms in the speci?c regions 
being bonded to silicon atoms. Due to oxygen atoms being 
bonded to silicon atoms, donors that supply free electrons 
are formed, and hence the number of free electrons in the 
component element after the heat treatment can be made to 
exceed the number of positive holes reliably. The speci?c 
resistance value of the component element can thus be made 
stable, and hence a plurality of substrates can be subjected 
to yet more stable plasma processing. 

[0014] Preferably, the p-type silicon is formed by adding 
a group 13 element to silicon, and in the component element, 
a number density of donors formed through bonding 
betWeen interstitial atoms and silicon atoms in a silicon 
crystal lattice of the component element is higher than a 
number density of acceptors comprising the group 13 ele 
ment in the silicon crystal lattice. 

[0015] According to the construction of the ?rst aspect as 
described above, the p-type silicon is formed by adding a 
group 13 element to silicon, and in the component element, 
the number density of donors formed through bonding 
betWeen interstitial atoms and silicon atoms in the silicon 
crystal lattice of the component element is higher than the 
number density of acceptors comprising the group 13 ele 
ment in the silicon crystal lattice. Each acceptor comprising 
an atom of the group 13 element produces one positive hole, 
and hence if the number density of the donors is higher than 
the number density of the acceptors comprising the group 13 
element, then the number of free electrons in the component 
element after the heat treatment can be made to exceed the 
number of positive holes reliably. The speci?c resistance 
value of the component element can thus be made stable, 
and hence a plurality of substrates can be subjected to yet 
more stable plasma processing. 

[0016] More preferably, the interstitial atoms are oxygen 
atoms, and the number density of the oxygen atoms bonded 
to silicon atoms is not less than one half of the number 
density of the acceptors comprising the group 13 element. 

[0017] According to the construction of the ?rst aspect as 
described above, the interstitial atoms are oxygen atoms, and 
the number density of the oxygen atoms bonded to silicon 
atoms is not less than one half of the number density of the 
acceptors comprising the group 13 element. The oxygen 
atoms bonded to silicon atoms act as bivalent donors, and 
hence if the number density of these oxygen atoms is not less 
than one half of the number density of the acceptors com 
prising the group 13 element, then the number of free 
electrons in the component element after the heat treatment 
can be made to exceed the number of positive holes reliably. 

[0018] Preferably, the component element is a focus ring 
provided surrounding the substrate housed in the processing 
chamber. 

[0019] According to the construction of the ?rst aspect as 
described above, the component element subjected to heat 
treatment at least once is a focus ring provided surrounding 
the substrate housed in the processing chamber. As a result, 
a high-frequency electric ?eld around the substrate in the 
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processing chamber can be made stable, and hence a plu 
rality of substrates can be subjected to stable plasma pro 
cessing reliably. 

[0020] Alternatively, preferably, the component element is 
an upper electrode disposed in an upper portion of the 
processing chamber. 

[0021] According to the construction of the ?rst aspect as 
described above, the component element subjected to heat 
treatment at least once is an upper electrode disposed in an 
upper portion of the processing chamber. As a result, a 
high-frequency electric ?eld above the substrate in the 
processing chamber can be made stable, and hence a plu 
rality of substrates can be subjected to stable plasma pro 
cessing reliably. 

[0022] To attain the above object, in a second aspect of the 
present invention, there is provided a substrate processing 
apparatus comprising a processing chamber in Which a 
substrate is housed and subjected to plasma processing, and 
a component element having p-type silicon as a parent 
material thereof, at least part of the component element 
being exposed to an interior of the processing chamber, 
Wherein a predetermined amount of a group 13 element is 
added to the p-type silicon, and Wherein a speci?c resistance 
value of the component element is loWer than a speci?c 
resistance value of the p-type silicon to Which the predeter 
mined amount of the group 13 element has been added. 

[0023] According to the construction of the second aspect 
as described above, a predetermined amount of a group 13 
element is added to the p-type silicon, and the speci?c 
resistance value of the component element that has the 
p-type silicon as a parent material thereof and has at least 
part thereof exposed to the interior of the processing cham 
ber is loWer than the speci?c resistance value of the p-type 
silicon to Which the predetermined amount of the group 13 
element has been added. Because the speci?c resistance 
value of the component element is loWer than the speci?c 
resistance value of the p-type silicon to Which the predeter 
mined amount of the group 13 element has been added, in 
the component element, formation of a silicon oxide from 
oxygen atoms present as an impurity and silicon atoms is 
promoted, and hence the number of free electrons becomes 
greater than the number of positive holes, and thus the 
p-type silicon is inverted into apparently n-type silicon. As 
a result, change of the speci?c resistance value of the 
component element during subsequent repeated plasma pro 
cessing can be suppressed, and hence a plurality of sub 
strates can be subjected to stable plasma processing. 

[0024] To attain the above object, in a third aspect of the 
present invention, there is provided a substrate processing 
method of subjecting a substrate to plasma processing, the 
method comprising a housing step of housing a substrate in 
a processing chamber in Which is disposed a component 
element that has p-type silicon as a parent material thereof 
and has been subjected to heat treatment at least once, and 
a plasma processing step of subjecting the substrate to 
plasma processing With a plasma produced in the processing 
chamber. 

[0025] According to the construction of the third aspect as 
described above, a substrate is housed in a processing 
chamber in Which is disposed a component element that has 
p-type silicon as a parent material thereof and has been 
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subjected to heat treatment at least once, and the substrate is 
subjected to plasma processing With a plasma produced in 
the processing chamber. Upon the p-type silicon being 
subjected to the heat treatment, formation of a silicon oxide 
from oxygen atoms present as an impurity and silicon atoms 
is promoted, Whereby free electrons are supplied into the 
p-type silicon, and hence the number of free electrons 
becomes greater than the number of positive holes in the 
component element, and thus the p-type silicon is inverted 
into apparently n-type silicon; after that, the formation of 
silicon oxide levels off, and hence the supply of free 
electrons into the p-type silicon stops. As a result, during 
subsequent repeated plasma processing in the processing 
chamber, the speci?c resistance value of the component 
element does not change. A plurality of substrates can thus 
be subjected to stable plasma processing. 

[0026] To attain the above object, in a fourth aspect of the 
present invention, there is provided a computer-readable 
storage medium storing a program for causing a computer to 
implement a substrate processing method of subjecting a 
substrate to plasma processing, the program comprising a 
housing module for housing a substrate in a processing 
chamber in Which is disposed a component element that has 
p-type silicon as a parent material thereof and has been 
subjected to heat treatment at least once, and a plasma 
processing module for subjecting the substrate to plasma 
processing With a plasma produced in the processing cham 
ber. 

[0027] The above and other objects, features, and advan 
tages of the invention Will become more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a sectional vieW schematically shoWing 
the construction of a substrate processing apparatus accord 
ing to an embodiment of the present invention; 

[0029] FIG. 2 is a ?owchart shoWing a method of manu 
facturing a focus ring appearing in FIG. 1; 

[0030] FIGS. 3A to 3C are draWings shoWing the distri 
bution of positive holes and free electrons in the focus ring 
appearing in FIG. 1; speci?cally: 

[0031] FIG. 3A is a draWing shoWing the distribution 
When heat treatment is commenced; 

[0032] FIG. 3B is a draWing shoWing the distribution 
during the heat treatment; and 

[0033] FIG. 3C is a draWing shoWing the distribution after 
the heat treatment; and 

[0034] FIG. 4 is a graph shoWing the relationship betWeen 
the heat treatment time and a speci?c resistance value of the 
focus ring. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The present invention Will noW be described in 
detail With reference to the draWings shoWing preferred 
embodiments thereof. 

[0036] FIG. 1 is a sectional vieW schematically shoWing 
the construction of a substrate processing apparatus accord 
ing to an embodiment of the present invention. 
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[0037] As shoWn in FIG. 1, the substrate processing 
apparatus 10, Which subjects semiconductor device Wafers 
(hereinafter referred to merely as “Wafers”) W to dry etching 
(reactive ion etching) (hereinafter referred to as “RIE”) as 
desired plasma processing, has a cylindrical chamber 11 
made of a metal such as aluminum or stainless steel. A 
cylindrical susceptor 12 is disposed in the chamber 11 as a 
stage on Which is mounted a Wafer W having a diameter of, 
for example, 300 mm. 

[0038] In the substrate processing apparatus 10, an 
exhaust path 13 that acts as a ?oW path through Which gas 
molecules above the susceptor 12 are exhausted to the 
outside of the chamber 11 is formed betWeen a side Wall of 
the chamber 11 and a side face of the susceptor 12. An 
annular ba?le plate (exhaust plate) 14 that prevents 
exhausted gas molecules from ?oWing back into the cham 
ber 11 is disposed part Way along the exhaust path 13. A 
space in the exhaust path 13 doWnstream of the ba?le plate 
14 bends round beloW the susceptor 12, and is communi 
cated With an automatic pressure control valve (hereinafter 
referred to as the “APC valve”) 15, Which is a variable 
butter?y valve. The APC valve 15 is connected to a turbo 
molecular pump (hereinafter referred to as the “TMP”) 16, 
Which is an exhausting pump for evacuation, and via the 
TMP 16, to a dry pump (hereinafter referred to as the “DP”) 
17, Which is also an exhausting pump. The exhaust ?oW path 
comprised by the APC valve 15, the TMP 16 and the DP 17 
is hereinafter referred to as the “main exhaust line”. The 
main exhaust line is used for controlling the pressure in the 
chamber 11 using the APC valve 15, and also for reducing 
the pressure in the chamber 11 doWn to a substantially 
vacuum state using the TMP 16 and the DP 17. 

[0039] The space in the exhaust path 13 doWnstream of the 
ba?le plate 14 is also connected to another exhaust ?oW path 
(roughing line) separate to the main exhaust line. The 
roughing line is comprised of an exhaust pipe 18 having a 
diameter of, for example, 25 m that communicates the 
above space With the DP 17, and a valve 19 disposed part 
Way along the exhaust pipe 18. The valve 19 is able to shut 
off the above space from the DP 17. The roughing line is 
used for exhausting gas in the chamber 11 using the DP 17. 

[0040] A loWer electrode high-frequency poWer source 20 
is connected to the susceptor 12 via a feeder rod 21 and a 
matcher 22. The loWer electrode high-frequency poWer 
source 20 supplies predetermined high-frequency electrical 
poWer to the susceptor 12. The susceptor 12 thus acts as a 
loWer electrode. The matcher 22 reduces re?ection of the 
high-frequency electrical poWer from the susceptor 12 so as 
to maximiZe the e?iciency of the supply of the high 
frequency electrical poWer into the susceptor 12. 

[0041] A disk-shaped electrode plate 23 comprised of an 
electrically conductive ?lm is provided in an upper portion 
of the susceptor 12. A DC poWer source 24 is electrically 
connected to the electrode plate 23. A Wafer W is attracted 
to and held on an upper surface of the susceptor 12 through 
a Johnsen-Rahbek force or a Coulomb force generated by a 
DC voltage applied to the electrode plate 23 from the DC 
poWer source 24. Moreover, an annular focus ring 25 
(component element) manufactured using a method of 
manufacturing the focus ring, described beloW, is provided 
on the susceptor 12 so as to surround the Wafer W attracted 
to and held on the upper surface of the susceptor 12. The 
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focus ring 25 is exposed to a space S, described below, and 
focuses ions and radicals produced in the space S toWard a 
surface of the Wafer W, thus improving the ef?ciency of the 
RIE. 

[0042] An annular coolant chamber 26 that extends, for 
example, in a circumferential direction of the susceptor 12 
is provided inside the susceptor 12. A coolant, for example 
cooling Water, at a predetermined temperature is circulated 
through the coolant chamber 26 via coolant piping 27 from 
a chiller unit (not shoWn). A processing temperature of the 
Wafer W attracted to and held on the upper surface of the 
susceptor 12 is controlled through the temperature of the 
coolant. 

[0043] A plurality of heat-transmitting gas supply holes 
28, and heat-transmitting gas supply channels (not shoWn), 
are provided in a portion of the upper surface of the 
susceptor 12 on Which the Wafer W is attracted and held 
(hereinafter referred to as the “attracting surface”). The 
heat-transmitting gas supply holes 28 are connected to a 
heat-transmitting gas supply unit 30 by a heat-transmitting 
gas supply line 29 provided inside the susceptor 12. The 
heat-transmitting gas supply unit 30 supplies a heat-trans 
mitting gas, for example He gas, into a gap betWeen the 
attracting surface of the susceptor 12 and a rear surface of 
the Wafer W. Moreover, the heat-transmitting gas supply unit 
30 is connected to the exhaust pipe 18, and is thus con 
structed so as to also be able to evacuate the gap betWeen the 
attracting surface of the susceptor 12 and the rear surface of 
the Wafer W using the DP 17. 

[0044] A plurality of pusher pins 31 are provided in the 
attracting surface of the susceptor 12 as lifting pins that can 
be made to project out from the upper surface of the 
susceptor 12. The pusher pins 31 are connected to a motor 
(not shoWn) by a ball screW (not shoWn), and can thus be 
moved in an up/doWn direction in FIG. 1 through rotational 
motion of the motor, Which is converted into linear motion 
by the ball screW. The pusher pins 31 are housed inside the 
susceptor 12 When a Wafer W is being attracted to and held 
on the attracting surface of the susceptor 12 so that the Wafer 
W can be subjected to the RIE, and are made to project out 
from the upper surface of the susceptor 12 so as to lift the 
Wafer W up aWay from the susceptor 12 When the Wafer W 
is to be transferred out from the chamber 11 after having 
been subjected to the RIE. 

[0045] A shoWer head 32 is disposed in a ceiling portion 
of the chamber 11 facing the susceptor 12. An upper 
electrode high-frequency poWer source 34 is connected to 
the shoWer head 32 via a matcher 33. The upper electrode 
high-frequency poWer source 34 supplies predetermined 
high-frequency electrical poWer to the shoWer head 32. The 
shoWer head 32 thus acts as an upper electrode. The matcher 
33 has a similar function to the matcher 22, described earlier. 

[0046] The shoWer head 32 is comprised of an electrode 
plate 36 on a loWer surface thereof, the electrode plate 36 
having therein a large number of gas-passing holes 35, and 
an electrode support 37 on Which the electrode plate 36 is 
detachably supported. Here, because Wafers W made of 
p-type silicon are subjected to RIE in the substrate process 
ing apparatus 10, p-type silicon is generally used as a 
material of the electrode plate 36. A buffer chamber 38 is 
provided inside the electrode support 37. A processing gas 
introducing pipe 39 is connected from a processing gas 
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supply unit (not shoWn) to the buffer chamber 38. A piping 
insulator 40 is disposed part Way along the processing gas 
introducing pipe 39. The piping insulator 40 is made of an 
electrically insulating material, and prevents the high-fre 
quency electrical poWer supplied to the shoWer head 32 from 
leaking into the processing gas supply unit via the process 
ing gas introducing pipe 39. A processing gas supplied from 
the processing gas introducing pipe 39 into the buffer 
chamber 38 is supplied by the shoWer head 32 into the 
chamber 11 via the gas-passing holes 35. 

[0047] A transfer port 41 for the Wafers W is provided in 
a side Wall of the chamber 11 in a position at the height of 
a Wafer W that has been lifted up from the susceptor 12 by 
the pusher pins 31. A gate valve 42 for opening and closing 
the transfer port 41 is provided in the transfer port 41. 

[0048] Upon supplying high-frequency electrical poWer to 
the susceptor 12 and the shoWer head 32 in the chamber 11 
of the substrate processing apparatus 10 as described above, 
and thus applying high-frequency electrical poWer into the 
space S betWeen the susceptor 12 and the shoWer head 32, 
a high-density plasma is produced from the processing gas 
supplied into the space S from the shoWer head 32, and the 
Wafer W is subjected to the RIE by the plasma. 

[0049] Speci?cally, When subjecting a Wafer W to the RIE 
in the substrate processing apparatus 10, ?rst the gate valve 
42 is opened, and the Wafer W to be processed is transferred 
into the chamber 11, and attracted to and held on the 
attracting surface of the susceptor 12 by applying a DC 
voltage to the electrode plate 23. A processing gas (eg a 
mixed gas comprised of C4F8 gas, 02 gas andAr gas With a 
predetermined ?oW rate ratio therebetWeen) is supplied into 
the chamber 11 at a predetermined ?oW rate, and the 
pressure inside the chamber 11 is set to a predetermined 
value using the APC valve 15 and so on. Furthermore, 
high-frequency electrical poWer is supplied to the susceptor 
12 and the shoWer head 32, and thus applied into the space 
S in the chamber 11. The processing gas introduced in from 
the shoWer head 32 is thus made into a plasma, Whereby ions 
and radicals are produced in the space S. The produced ions 
and radicals are focused onto the surface of the Wafer W by 
the focus ring 25, Whereby the surface of the Wafer W is 
physically/chemically etched. 

[0050] FIG. 2 is a ?owchart shoWing a method of manu 
facturing the focus ring appearing in FIG. 1. 

[0051] As shoWn in FIG. 2, ?rst, a silicon block of 
predetermined siZe made of silicon containing a small 
amount of oxygen atoms as an impurity is prepared (step 
S21). In the silicon block, the oxygen atoms are in the form 
of interstitial oxygen atoms present at interstitial sites in the 
silicon crystal lattice. 

[0052] Next, a predetermined amount of a group 13 ele 
ment, for example boron, is added to the silicon block (step 
S22). In the silicon block to Which the boron has been added, 
some of the silicon atoms in the silicon crystal lattice are 
replaced by boron atoms. The some of silicon atoms and the 
boron atoms are electrically bonded together by electrons. 
HoWever, because boron has one feWer valence electron 
than silicon, the boron atoms act as acceptors producing 
positive holes, With one positive hole per boron atom being 
produced betWeen the silicon atoms and the boron atoms. As 
a result, the number of positive holes becomes greater than 
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the number of free electrons in the silicon block as shown in 
FIG. 3A. Positive holes not electrically constraining a free 
electron thus act as carriers of positive charge, Whereby the 
constituent material of the silicon block is altered into p-type 
silicon, and thus becomes electrically conductive. 

[0053] Next, the silicon block made of p-type silicon is 
shaped into the annular focus ring 25 by machining (step 
S23), and then the shaped focus ring 25 is subjected to heat 
treatment (annealing) at least once by being heated to a 
predetermined temperature for a predetermined time (step 
S24). 
[0054] FIG. 4 is a graph shoWing the relationship betWeen 
the heat treatment time and a speci?c resistance value of the 
focus ring. In the graph of FIG. 4, the axis of abscissas 
shoWs the heat treatment time, and the axis of ordinates 
shoWs the speci?c resistance value. 

[0055] As shoWn in FIG. 4, at a heat treatment com 
mencement time To, because the number of positive holes 
exceeds the number of free electrons in the focus ring 25 as 
described above, the focus ring 25 is electrically conductive, 
and thus has a relatively loW speci?c resistance value of RI 
Q-cm. 

[0056] After that, as the heat treatment time elapses, 
oxygen atoms contained as an impurity in the focus ring 25 
bond to silicon atoms in the focus ring 25, Whereby a silicon 
oxide (SiO4) is formed in the p-type silicon crystal lattice. At 
this time, in the silicon crystal lattice, some of the silicon 
atoms are changed into SiO4, and the SiO4 is electrically 
bonded to silicon atoms by electrons. Oxygen atoms that 
bond to silicon atoms in the formation of the SiO4 are 
bivalent, and hence each oxygen atom acts as a bivalent 
donor, Whereby the SiO4 also acts as a donor, supplying free 
electrons into the silicon crystal lattice, i.e. the focus ring 25. 
The positive holes electrically constrain the supplied free 
electrons, Whereby the speci?c resistance value of the focus 
ring 25 increases. 

[0057] As the heat treatment continues, SiO4 continues to 
be formed, and hence free electrons continue to be supplied. 
Eventually, the numbers of positive holes and free electrons 
in the focus ring 25 become equal at a heat treatment time 
T1 (FIG. 3B). At this time, the positive holes and the free 
electrons constrain one another, and hence the focus ring 25 
becomes electrically non-conductive, and in theory the spe 
ci?c resistance value of the focus ring 25 becomes in?nite 

[0058] Then, upon the heat treatment being further con 
tinued, SiO4 continues to be formed, and hence free elec 
trons continue to be supplied into the focus ring 25. Once a 
predetermined heat treatment time T2 has elapsed, the for 
mation of SiO4 levels o?f, Whereby the supply of free 
electrons into the focus ring 25 stops. At this time, the 
number of free electrons exceeds the number of positive 
holes in the focus ring 25 (FIG. 3C), and hence free 
electrons not electrically constrained by positive holes act as 
carriers of negative charge, Whereby the constituent material 
of the silicon block is altered into apparently n-type silicon. 
As a result, the speci?c resistance value of the focus ring 25 
decreases, ?nally becoming, for example, a value RF Q~cm 
that is loWer than the speci?c resistance value RI Q~cm at the 
heat treatment commencement time TO. That is, upon car 
rying out the heat treatment on the focus ring 25 having as 
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a parent material p-type silicon to Which a predetermined 
amount of boron has been added, the speci?c resistance 
value of the focus ring 25 once the formation of SiO4 has 
leveled off (i.e. the speci?c resistance value after the pre 
determined heat treatment time T2 has elapsed) is loWer than 
the speci?c resistance value of the p-type silicon to Which 
the predetermined amount of boron has been added but heat 
treatment has not been carried out (the speci?c resistance 
value at the heat treatment commencement time TO). 

[0059] In the heat treatment described above, interstitial 
oxygen atoms are used in the formation of SiO4 With silicon 
atoms, and hence in the focus ring 25 after the predeter 
mined heat treatment time T2 has elapsed, the number of 
interstitial oxygen atoms is reduced. Speci?c regions Where 
the density of interstitial oxygen atoms is loWer than the 
overall density of oxygen atoms including both oxygen 
atoms bonded to silicon atoms and interstitial oxygen atoms 
not bonded to silicon atoms thus arise in the silicon crystal 
lattice. Here, the density of the interstitial oxygen atoms, i.e. 
the interstitial oxygen atom concentration, can be measured 
using a knoWn measurement method, for example a mea 
surement method using infrared absorption (see, for 
example, http://it.jeita.or.jp/eltech/report/2000/00-ki 
l5.html). 
[0060] Moreover, because the formation of SiO4 is pro 
moted by the heat treatment, the number density of SiO4 as 
donors formed through bonding betWeen interstitial oxygen 
atoms and silicon atoms as described above in the silicon 
crystal lattice becomes higher than the number density of 
boron atoms as acceptors in the silicon crystal lattice. 

[0061] Returning to FIG. 2, the speci?c resistance value 
of the focus ring 25 that has been subjected to the heat 
treatment as described above is measured (step S25), and it 
is determined Whether or not the measured speci?c resis 
tance value is not more than a target value of the speci?c 
resistance value (step S26). 

[0062] If the measured speci?c resistance value is still 
greater than the target value of the speci?c resistance value, 
then it is judged that the formation of SiO4 has not yet 
leveled off and hence that the number of free electrons 
supplied into the focus ring 25 is still too loW, in Which case 
step S24 is returned to and the focus ring 25 is subjected to 
the heat treatment again. Once the measured speci?c resis 
tance value is not more than the target value of the speci?c 
resistance value (“YES” in step S26), the present process is 
brought to an end. The focus ring 25 manufactured through 
the present process is then used in the chamber 11 of the 
substrate processing apparatus 10. 

[0063] According to the substrate processing apparatus of 
the present embodiment described above, a focus ring 25 
having p-type silicon as a parent material thereof is sub 
jected to heat treatment at least once. Upon the focus ring 25 
having p-type silicon as a parent material thereof being 
subjected to the heat treatment, formation of SiO4 from 
oxygen atoms present as an impurity and silicon atoms is 
promoted, Whereby free electrons are supplied into the focus 
ring 25, and hence the number of free electrons becomes 
greater than the number of positive holes in the focus ring 
25, and thus the p-type silicon is inverted into apparently 
n-type silicon; after that, the formation of SiO4 levels off, 
and hence supply of free electrons into the focus ring 25 
stops. As a result, during subsequent repeated RIE, there is 
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no inversion of the p-type silicon into apparently n-type 
silicon (that is, the focus ring is kept apparently n-type 
silicon), and the speci?c resistance value of the focus ring 25 
does not change. A plurality of Wafers W can thus be 
subjected to stable RIE reliably. Moreover, the high-fre 
quency electric ?eld around the Wafer W is stable, and hence 
burning of a protective ?lm on the Wafer W (PR-burn) due 
to electrical discharge occurring betWeen the Wafer W and 
the focus ring 25 can be prevented from occurring. 

[0064] Moreover, according to the substrate processing 
apparatus of the present embodiment described above, spe 
ci?c regions arise in the focus ring 25 after the predeter 
mined heat treatment time T2 has elapsed Where the density 
of interstitial oxygen atoms is loWer than the overall density 
of oxygen atoms including both oxygen atoms bonded to 
silicon atoms and interstitial oxygen atoms not bonded to 
silicon atoms in the silicon crystal lattice. Such a case that 
the density of interstitial oxygen atoms in speci?c regions of 
the silicon crystal lattice is loWer than the overall density of 
oxygen atoms corresponds to some of the interstitial oxygen 
atoms in the speci?c regions being bonded to silicon atoms. 
Due to oxygen atoms being bonded to silicon atoms, donors 
that supply free electrons are formed, and hence the number 
of free electrons in the focus ring 25 after the heat treatment 
can be made to exceed the number of positive holes reliably. 
The speci?c resistance value of the focus ring 25 can thus be 
made stable, and hence a plurality of Wafers W can be 
subjected to yet more stable RIE. 

[0065] Moreover, in the focus ring 25 after the predeter 
mined heat treatment time T2 has elapsed, the number 
density of SiO4 as donors formed through bonding betWeen 
oxygen atoms and silicon atoms at least some interstitial 
sites in the silicon crystal lattice is greater than the number 
density of boron atoms as acceptors in the silicon crystal 
lattice. Each boron atom as an acceptor produces one 
positive hole, and hence if the number density of SiO4 as 
donors is higher than the number density of boron atoms in 
the silicon crystal lattice, then the number of free electrons 
in the focus ring 25 after the heat treatment can be made to 
exceed the number of positive holes reliably. In particular, 
oxygen atoms that bond to silicon atoms in the formation of 
the SiO4 act as bivalent donors, and hence if the number 
density of these oxygen atoms is not less than one half of the 
number density of boron atoms, then the number of free 
electrons in the focus ring 25 after the heat treatment can be 
made to exceed the number of positive holes reliably. As a 
result, the speci?c resistance value of the focus ring 25 can 
be made stable, and hence a plurality of Wafers W can be 
subjected to yet more stable RIE. 

[0066] In the substrate processing apparatus according to 
the present embodiment described above, the focus ring 25 
is subjected to heat treatment. HoWever, other component 
elements having p-type silicon as a parent material thereof 
that form electrical circuitry in the chamber 11, for example 
the electrode plate 36 of the shoWer head 32, may similarly 
be subjected to such heat treatment. If an electrode plate 36 
having p-type silicon as a parent material thereof is sub 
jected to such heat treatment, then as for the focus ring 25 
as described above, the p-type silicon is inverted into 
apparently n-type silicon, and then after that, the formation 
of SiO4 levels off, and hence supply of free electrons into the 
electrode plate 36 stops. As a result, during subsequent 
repeated RIE, the speci?c resistance value of the electrode 
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plate 36 does not change, and hence the high-frequency 
electric ?eld above a Wafer W being processed can be made 
stable. A plurality of Wafers W can thus be subjected to 
stable RIE reliably. 

[0067] Moreover, in the substrate processing apparatus 
according to the present embodiment described above, the 
speci?c resistance value of the focus ring 25 that is made of 
p-type silicon to Which a predetermined amount of boron has 
been added and has been subjected to heat treatment (i.e. the 
speci?c resistance value after the predetermined heat treat 
ment time T2 has elapsed) is loWer than the speci?c resis 
tance value of the p-type silicon to Which the predetermined 
amount of boron has been added but heat treatment has not 
been carried out (the speci?c resistance value at the heat 
treatment commencement time To). For the focus ring 25, 
formation of SiO4 is promoted by the heat treatment, and 
then levels off, the number of free electrons in the focus ring 
25 becomes greater than the number of positive holes, and 
the p-type silicon is inverted into apparently n-type silicon. 
As a result, during subsequent repeated RIE, change of the 
speci?c resistance value of the focus ring 25 can be sup 
pressed, and hence a plurality of Wafers W can be subjected 
to yet more stable RIE. 

[0068] In the embodiment described above, description is 
given for the case that the substrate processing apparatus is 
an etching apparatus. HoWever, substrate processing appa 
ratuses to Which the present invention can be applied are not 
limited thereto, but rather the present invention may also be 
applied to other apparatuses that carry out processing using 
a plasma, for example a CVD (chemical vapor deposition) 
apparatus or a PVD (physical vapor deposition) apparatus. 

[0069] Furthermore, in the embodiment described above, 
the substrates processed are semiconductor Wafers. HoW 
ever, the substrates processed are not limited thereto, but 
rather may also be, for example, LCD (liquid crystal dis 
play) or FPD (?at panel display) glass substrates. 

[0070] It is to be understood that the object of the present 
invention can also be attained by supplying to a system or 
apparatus a storage medium storing program code of soft 
Ware that realiZes the functions of an embodiment as 

described above, and then causing a computer (or CPU, 
MPU, etc.) of the system or apparatus to read out and 
execute the program code stored in the storage medium. 

[0071] In this case, the program code itself read out from 
the storage medium realiZes the functions of the embodi 
ment, and hence the program code and the storage medium 
storing the program code constitute the present invention. 

[0072] The storage medium for supplying the program 
code may be, for example, a ?oppy (registered trademark) 
disk, a hard disk, a magnetic-optical disk, an optical disk 
such as a CD-ROM, a CD-R, a CD-RW, a DVD-ROM, a 
DVD-RAM, a DVD-RW, or a DVD+RW, a magnetic tape, 
a nonvolatile memory card, or a ROM. Alternatively, the 
program code may be doWnloaded via a netWork. 

[0073] Moreover, it is to be understood that the functions 
of the embodiment can be realiZed not only by executing 
program code read out by the computer, but also by causing 
an OS (operating system) or the like operating on the 
computer to carry out part or all of the actual processing 
based on instructions of the program code. 
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[0074] Furthermore, it is to be understood that the func 
tions of the embodiment can also be realized by Writing the 
program code read out from the storage medium into a 
memory provided on an expansion board inserted into the 
computer or in an expansion unit connected to the computer, 
and then causing a CPU or the like provided on the expan 
sion board or in the expansion unit to carry out part or all of 
the actual processing based on instructions of the program 
code. 

[0075] The form of the program code may be, for 
example, object code, program code executed by an inter 
preter, or script data supplied to an OS. 

What is claimed is: 
1. A substrate processing apparatus comprising: 

a processing chamber in Which a substrate is housed and 
subjected to plasma processing; and 

a component element having p-type silicon as a parent 
material thereof, at least part of said component ele 
ment being exposed to an interior of said processing 
chamber; 

Wherein said component element has been subjected to 
heat treatment at least once. 

2. A substrate processing apparatus as claimed in claim 1, 
Wherein said component element has regions therein Where 
a density of interstitial oxygen atoms is loWer than an overall 
density of oxygen atoms in a silicon crystal lattice. 

3. A substrate processing apparatus as claimed in claim 1, 
Wherein the p-type silicon is formed by adding a group 13 
element to silicon, and in said component element, a number 
density of donors formed through bonding betWeen inter 
stitial atoms and silicon atoms in a silicon crystal lattice of 
said component element is higher than a number density of 
acceptors comprising the group 13 element in the silicon 
crystal lattice. 

4. A substrate processing apparatus as claimed in claim 3, 
Wherein the interstitial atoms are oxygen atoms, and the 
number density of the oxygen atoms bonded to silicon atoms 
is not less than one half of the number density of the 
acceptors comprising the group 13 element. 

5. A substrate processing apparatus as claimed in claim 1, 
Wherein said component element is a focus ring provided 
surrounding the substrate housed in said processing cham 
ber. 
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6. A substrate processing apparatus as claimed in claim 1, 
Wherein said component element is an upper electrode 
disposed in an upper portion of said processing chamber. 

7. A substrate processing apparatus comprising: 

a processing chamber in Which a substrate is housed and 
subjected to plasma processing; and 

a component element having p-type silicon as a parent 
material thereof, at least part of said component ele 
ment being exposed to an interior of said processing 
chamber; 

Wherein a predetermined amount of a group 13 element is 
added to the p-type silicon, and Wherein a speci?c 
resistance value of said component element is loWer 
than a speci?c resistance value of the p-type silicon to 
Which the predetermined amount of the group 13 
element has been added. 

8. A substrate processing method of subjecting a substrate 
to plasma processing, the method comprising: 

a housing step of housing a substrate in a processing 
chamber in Which is disposed a component element that 
has p-type silicon as a parent material thereof and has 
been subjected to heat treatment at least once; and 

a plasma processing step of subjecting the substrate to 
plasma processing With a plasma produced in the 
processing chamber. 

9. A computer-readable storage medium storing a pro 
gram for causing a computer to implement a substrate 
processing method of subjecting a substrate to plasma 
processing, the program comprising: 

a housing module for housing a substrate in a processing 
chamber in Which is disposed a component element that 
has p-type silicon as a parent material thereof and has 
been subjected to heat treatment at least once; and 

a plasma processing module for subjecting the substrate to 
plasma processing With a plasma produced in the 
processing chamber. 


